Abstract: Bicyclic molecules with the I ,7 -dia2a-6 ,6-dimethylbicyclo[2 .2 .llheptane and l,8-diaza-7,7-dimethylbicyclo[3.11Joctane (l-aza-7/Mimethyltropane) skeleton are shown to be efficiently synthesized via cyclization reactions of endocyclic tf-acylhydrazonium intermediates. By using a protected p-ketoester as the internal nucleophile, azacocaine analogues are also accessible via this methodology.
INTRODUCTION

RESULTS AND DISCUSSION
Choice of the pyrazolidinone
The use o f unsubstituted 3-pyrazolidinone (7)10 as starting material will lead to unsubstituted bicyclic hydrazines 4 (R = H). In order to study the sequence of reactions, l-benzyl-3-pyrazolidinone10c was chosen as a model system. Ethoxycarbonylation {1) LDA (1 equiv), -78 *C; 2) methyl cyanoformate (1.3 equiv)) gave the functionalized hydrazine 10, which had to be reduced to obtain the cyclization precursor 9 (eq 2). The reduction was performed under conditions that were also used for the corresponding pyrrolidinones.11 Treatment o f 10 at -20 *C in ethanol with an excess of sodium bomhydride (4 equiv) and a catalytic amount o f sulfuric acid, however, led to ring opening o f the pyrazolidinone and subsequent reduction of the intermediate aldehyde to the alcohol 11. Formation o f this undesired product could not be prevented by performing the reaction at lower temperatures. Reduction did not take place at all in the absence o f acid. 
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ynthesis o f bridged bicyclic hydrazines via Lewis acid-mediated cyclizations
A summary of this scries of reactions applied to differently alkylated pyrazolidinones is presented in Table I . Generally, the aforementioned alkylation conditions were found to give fair yields with several alkylating agents. The low yield in the case of propargyl bromide (entry 12) was explained by the formation of a considerable amount o f the dialkylated pyrazolidinone 22 a (30%). It was also shown that use o f an excess of the alkylating agent led to the formation of the dialkylated product. For example, if 1.5 equivalent of allyl bromide was added, a substantial amount of the diallylated product was also found. The pyrazolidinone 24 (entry 16) was obtained upon alkylation with 4-iodo-l-(trimethylsilyl)-2-butyne,20 which was prepared via the corresponding mesylate.21 The dioxenone substituted pyrazolidinone 25 (entry 19) was obtained after alkylation with the corresponding chloride,22 The relatively low yield of the alkylated product 2 5 is explained by the thermal instability of the dioxenone moiety. This result was obtained after stirring in acetone at 40 *C for 40 h. Both higher and lower temperatures showed a decrease o f the yield o f 25.
As can be seen from Table I , alkoxycarbonylation methods A and B suffer from the formation of Oalkylated products (entries 2, 7 and 10). The lack of regioselectivity could be overcome by using the more selective reagent methyl cyanoformate, instead o f methyl or ethyl chlotoformate (entries 11,18 and 20).2-* The alternative method C, in which the use of a strong base is avoided, also gave satisfactory results (entries 3, 8 and 15). Although this reaction does, in principle, not require a base, the best results were obtained by using stoichiometric amounts of Et3N and DMAP.
Reduction of the pyrazolidinones proceeded without difficulties in reasonable to good yields in all cases.
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The hydroxypyrazolidincs 4 2 and 43 were isolated only in the case of the allyl-and propargylsilanes 34 and 35 (entries 15 and 18). This was done in older to prevent protodesilylation under the acidic conditions that are required for the hydroxy/ethoxy exchange. 
BFS OEta
44(68%)
a) Obtained as a 3 3 1 f/Z-nrwxture b) 2 2 a R -CH2O C H was also found in 30% yield
MeOt C
(04%)
The cyclization reactions were performed under standard conditions with the Lewis acid titanium tetrachloride (2 
The above reasoning also explains the stereochemical outcome of the cyclization o f the croty! precursor 39 to 48 (entry 8) , in which both substituents occupy the equatorial position. In the conformation leading to the transition state of the (£)-precursor, the methyl group is in the equatorial position (54, R * Me), while chloride attacks from the equatorial side, thus giving rise to the formation o f the fra/ir-pioduct 48 as the only product The (Z)'isomer would lead to a transition state with the methyl group in the axial position, so that cyclization to the cis-product would take place. However, this product was not observed in the reaction mixture. The relative configuration of 4 8 was inferred from the splitting pattern of the *H NMR signal of the proton adjacent to the chlorine atom (3.76 ppm, dt) showing one eq-ax ( V^ = 6.3 Hz) and two ax-ax couplings ( V^« 10. 8 Hz) .
Cyclization o f the methallyl precursor 38 (entry 5) afforded an inseparable mixture o f 46 and the elimination product 4 7 . The stereochemistry of the product 46 could not be fully ascertained, but it is most likely that the methyl substituent is equatorial in view of the severe steric interaction between the two endomethyl groups in the alternative stereoisomer. The crowded nature of the product is reflected in the formation of a relatively large amount of the elimination product 47. Because the double bond causes the six-membered ring O a) After the reaction, water was added and the mixture was stirred for 6 h at 60 'C.
Formic acid-mediated cyclizations
Compared with the yields of the Lewis acid cyclizations, slightly different yields were obtained as is evident from Table II. The stereochemical outcome is similar compared to the Lewis acid cases. In the cases of the precursors 1 4 , 37 and 3 9 , cyclization did not take place, but instead the ethoxypyrazolidines were converted into the corresponding hydroxypyrazolidines (not shown in the Table) . This is somewhat remarkable, as during work-up the use o f water is avoided. Presumably, the formyloxy group was exchanged during flash chromatography to give the more stable hydroxypyrazolidines. From the formation of the hydroxypyrazolidines it is evident that the N-acylhydrazordum ion was formed, but that cyclization did not take place. These results emphasize that formic acid is less suitable for the cyclization reactions than Lewis acids. For precursor 37, other acidic conditions were also tried e.g. trifluoroacetic acid in dichloromethane, formic acid at 100 *C, hydrogen chloride in methanol, and trimethylsilyl triflate, but none of these conditions proved to be successful. An example that nicely illustrates the usefulness of these formic acid cyclizations is presented in entry 3, in which the propargyl precursor 41 cyclizes to give the 1-azatropanone 58 in one step via hydrolysis of the intermediate enol ester. Surprisingly, a similar ketone was obtained in an attempt to cyclize precursor 4 4 (entry 6) . While at rt and at 50 *C only starting material was recovered, reaction at 100 'C led to cyclization, immediately followed by ring opening o f the dioxenone moiety and decarboxylation to give 59.
Deprotection reactions
The cyclization products 45 and 51 were deprotected to give the free hydrazines 60 and 62, respectively (eqs 4 and 5 
Conversion of the carbamate 51 into the corresponding methylated hydrazine 63 took place in a rather poor yield. An alternative route that provided the N-methyl compound is the reductive methylation of the free hydrazine 6 0 , in which the intermediate iminium ion was reduced with sodium cyanoborohydride leading to the desired compound 61 in good yield. 26 
Synthesis o f some azatropanone derivatives
In order to convert the cyclization product 53 into azacocaine derivatives 3 two major conversions were to be carried out. The methyl carbamate had to be converted into a methyl function and the dioxenone part had to be deprotected and reduced. It would be advantageous to perform a catalytic hydrogenation of the dioxenone at this stage, as it would immediately give the desired cw-relationship between the two substituents. Various catalysts were tried at different pressures of hydrogen gas, but the double bond could not be reduced This might be a result o f the very hindered nature of this double bond. At the bottom-side, it is shielded by the ethylene bridge with the ¿¿m-dimethyi function and at the top-side the carbamate hinders the approach of a catalyst If 53 was treated with sodium/ammonia27 the double bond remained unaffected, but instead the NN bond was cleaved to give the bicyclic system 68 as a single product in poor yield (eq 6).
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There are several methods to convert a methyl carbamate into the corresponding tf-methyl compound. Direct conversion o f 53 into the desired product 66 (see also eq 5) by reduction with lithium aluminum hydride led to decomposition of the dioxenone part A useful result was obtained if the carbamate 53 was first cleaved with iodotrimethylsilane to give the free hydrazine 65 (Scheme H).2^ Conversion into the N-methyl compound with methyl iodide or dimethyl sulfate did not give satisfactory results. Therefore, a reductive raethylation was carried out,26 using 37% aqueous formaldehyde in acetonitrile to give the intermediate iminium ion which was further reduced with sodium cyanoborohydride to the methylated compound 66. COjMe OBz
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Efforts to reduce the double bond of the dioxenone at this stage by using a catalytic hydrogenation also failed. On the other hand, ring opening of the dioxenone proceeded smoothly and was proven to give the best result if the product 66 was heated in a sealed tube for 10 min at 170 *C in xylenes in the presence of an excess o f methanol (Scheme II). The crude p-ketoester 67 was obtained in a quantitative yield but could not be easily purified. Despite the clear *H NMR spectrum of the crude product, flash chromatography led to a very low yield. Therefore, crude 6 7 was treated with benzoyl chloride to afford the azatropane derivative 68 in a reasonable overall yield Unfortunately, this product could not be reduced to the desired cocaine derivative. The crude P-ketoester 67 was also reduced in the presence of an excess of sodium borohydride at 0 'C to give the ecgonine analog 6 9 (eq 7). In accordance with the outcome of a similar reduction of 2-(carbomethoxy)-tropanone at -30 *C carried out by Carroll et a/.,2* only one isomer was obtained in which both substituents occupy the endo-position (allopseudo). They also reported that reduction at 0 *C gave a mixture of the pseudoand the allopseudoisomer. The high stereoselectivity of the reduction of 67 is probably a result of the presence of the e/wfo-methyl substituent, which shields the bottom side of the molecule, thus preventing an e/ido-attack. 1 equiv) and n~ butyllithium (1.1 equiv) at 0 *Q in THF was added at -78 *C a solution of the hydrazide (1 equiv) in THF. After being stirred at -78 *C for 1 h, MeC^CCN dissolved in THF, was added and the mixture was allowed to warm to rt. After being stirred for 30 mm, the mixture was poured into an ice/water mixture and extracted with ether (3 x). The combined organic layers were dned (MgSO^), filtered and concentrated in vacuo. The pure product was obtained after fc.
General procedure for the reduction reactions with NaBH^. A solution of the funcdonalized pyrazolidinone in ethanol was cooled to -20 *C and NaBH4 (6 equiv) was added in one portion. The solution was stirred at -20 'C while each 10 min 1 drop of a 2 M solution of sulfuric acid in ethanol was added to the mixture. The reaction was monitored by TLC. After complete reduction (2-3 h), the solution was cooled to *78 *C and acidified to pH * 3 with a 2 M H2 SO^/EtOH solution. After being stirred at it for 4-5 h, the reaction mixture was poured into aq satd NaHCO^ and extracted with CH2Cl2 (3 x). The combined organic layers were washed with water, dried (K2 CO3 ), filtered and concentrated in vacuo. The residue was chromatographed to yield the pure pyrazohdine.
General procedure for the cycllzation reactions with TiClj« To a 0.1 M soluuon of the hydrazide in CH2C12 was added T1CI4 (2 equiv, as a soluuon of T1CI4 m CH2CI2) at -78 *C by a syringe. The mixture was stirred at -78 'C for 15 mm and for 5-18 h at rL The reacuon mixture was poured into cold aq satd NaHCOj and the resulung suspension was filtered over Celite and extracted with CH2 C12 (3 x). The combined organic layers were dried (MgSC^), filtered and concentrated in vacuo. (17) 90 (m, 1 H, -CH), 8.27 (br s, 1 H, NH) . -l-(2-m ethyI-2-propeiiyl)-3-pyrazoIidinon« (19). 3-pyrazolidinone 8 (1.00 g, 8.80 mmol) (12 6 
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5.5-DimethyM-(3-tn<thyl-2-biitc)iyl)-3-pyrazoUdinoiit-2-carboxyllc add methyl ester (31) via method A. 32 (s, 6 H, MejC), 1.58 (s, 3 H, Me), 1.70 (s, 3 H, Me) 5 -D ¡m ethyl-3 -fa y d ro x y -l'(4~(trltnethyIsiiyl)-2 -b u ty a y l]'2 -p7 raxoIidÍ9 ecarboxylÍc acid m ethyl ester (43).  Following the general pnocedure, 35 (315 mg, 1.06 mmol) was reduced with NaBH^ (241 mg, 6.39 mmol) in EtOH (10 mL), After being stirred at -20 *C for 2 h, the reaction was quenched with cold aq satd NaHCX^ (50 mL) and worked up following the general procedure, fc (tthyl acetatetfiexane 3:2) afforded 43 (185 mg, 0.62 mmol, 59%) as a colorless oil, fly 0.52. IR v 3500,2200,1679,  1250, 850; l H NMR (200 MHz) 8 0.07 (s, 9 H, Me3Si), 1.15 (*, 3 H, Me), 1.35 (s, 3 H, Me), 1.45 (i, J -2.3 Hz, 2 H, CH2 Si),  2.18 (br », 1 H, CHCHH), 241 (dd, J -7.3,13.2 Hz, 1 H, CHCHW), 3.45 (br s, 1 H, OH), 3.66 (br s, 2 H, NCH2), 3.79 («, 3 H,  CO2CH3), 5.71 (br s, 1 H, OCH) . y l 1-[(3 ,3 -d 52.1 (C2), 52.4, 52.6 (C3), 53.7, 54.5 (C4), 60.6, 61.4 (CO2 CH3) , 65.9, 6 6.6 (C6 ), 83.4. 83.5 (CO). 153.7,  159.6.160.0 (C(0)); MS (El, 70 eV) mix (relative intensity) 270 (M+, 15), 225 (16), 168 (100), 153 (47), 141 (72), 127 (81), 123  (41), 109 (32), 83 (38), 59 (45), 41 (89) 6 8 mmol, 85%) as a yellowish oil, fly 0.32. 
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